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INLEIDING 
Het feit, dat verschillende cellen met een identieke genetische capaciteit 
in staat zijn totaal verschillende strukturen en funkties te ontwikkelen en in 
stand te houden, wijst op het aanwezig zijn van mechanismen die, tijdens de 
ontwikkeling van deze cellen, het gebruik van de aanwezige genetische infor-
matie in de kern reguleren. De kern zelf bevat het genetisch materiaal dat in 
de chromosomen gerangschikt is. Het Chromosomenkomplement bevat de in-
formatie voor de ontwikkeling en differentiatie van de cel. 
De reuzenchromosomen van de Diptera zijn gekenmerkt door een karakteris-
tiek patroon van banden en interbanden. Verschillende onderzoekers hebben 
bepaalde genen geïdentificeerd met bepaalde banden in deze chromosomen 
(Judd, 1962; Lefevre & Wilkins, 1966; Green, 1967;Berendes, 1970). Hoewel 
het bandpatroon van elke chromosoom konstant is, onstaan op bepaalde mo-
menten in de ontwikkeling lokale verdikkingen in het chromosoom, waarbij 
bepaalde banden hun specifieke struktuur verliezen. Dit verschijnsel staat be-
kend onder de term "puffing" en is een lokale despiralisatie van het DNA in 
een band (Beermann, 1952). Een puff wordt algemeen beschouwd als de 
cytologisch waarneembare aktieve toestand van een gen. Puffs verschijnen en 
verdwijnen tijdens de normale ontwikkeling en kunnen ook optreden als reak-
tie op experimenteel aangebrachte veranderingen in het milieu van de cel 
(Beermann, 1952; Becker, 1959; Ritossa, 1964; Berendes, 1968; Leenders, 
1971). Een van de belangrijkste kenmerken van een puff is het optreden van 
lokale RNA synthese (Pelling, 1964). De funktie van het in een puff gesynthe-
tiseerde RNA is nog onbekend ofschoon verschillende auteurs de suggestie 
naar voren gebracht hebben dat puffs messenger RNA zouden synthetiseren 
(Beermann, 1964; Pelling, 1964;Daneholt et al., 1969). 
Op grond van hun struktuur en afmetingen vormen de polytene chromo-
somen een uitstekend studie-objekt voor onderzoek naar de relatie van lokale 
chromosomenaktiviteit, de puffs, waarbij de mogelijkheid niet uitgesloten is 
dat men de aktiviteit van individuele genen onderzoekt. 
In de dertiger taren werd ontdekt dat de endocriene prothoraxklieren bij 
insekten een substantie afscheiden die een vervelling veroorzaakt (Fraenkel, 
1935; Hadorn, 1937; Bodenstein, 1938; Becker & Plagge, 1939). Het onder-
zoek uit die tijd beperkte zich voornamelijk tot het beschrijven van morfolo-
gische veranderingen die optreden tijdens de vervelling van insekten. De isola-
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tie van het vervellingshormoon ecdyson uit Bombyx mon gaf een nieuwe 
impuls aan het onderzoek naar het werkingsmechanisme van dit hormoon 
(Butenandt & Karlson, 1954) De ontdekking dat kort voor een vervellmg veel 
karakteristieke veranderingen in het patroon van puffs m de reuzenchromo-
somen optreden enerzijds en het feit dat toediening van zuiver ecdyson dezelf-
de veranderingen in het puffpatroon induceert anderzijds, was aanleiding tot 
een uitgebreid onderzoek naar de relatie tussen dit hormoon en de aktiviteit 
van het genoom (Clever & Karlson, 1960,Clever, 1961, Becker, 1962,Beren-
des, 1967, Ashburner, 1971) Ongeveer te zelfder tijd werd door verschillende 
onderzoekers getracht een relatie te leggen tussen de aanwezigheid van bepaal-
de puffs en het voorkomen van bepaalde celprodukten Vooral de grote speek-
selkliercellen van de Diptera waren hierbij Objekten van onderzoek (Beer-
mann, 1961, Slizynski, 1964, Berendes, 1965, Baudisch &. Pamtz, 1968) 
Door kombinatie van cytologisch onderzoek en kruisings-expenmenten tussen 
Camptochironomus palhdivitatus en Chironomus tentans werd het bewijs 
voor een direkte relatie tussen de aanwezigheid (en aktiviteit) van een be-
paalde puff (Balbiani-rmg) en het voorkomen van een bepaald polypeptide in 
de speekselklieren zeer dicht benaderd (Grossbach, 1969) Een goede korrela-
tie werd eveneens gevonden tussen de aanwezigheid van een Balbiam-ring en 
het voorkomen van hydroxyproline in het secreet van de chironomide Acrico-
topus lucidus (Baudich & Pamtz, 1964) Op grond van het feit dat het hor-
moon ecdyson specifieke puffs induceert en dat bovendien bepaalde verande-
nngen m de celfunktie van de speekselklieren optreden die samenhangen met 
het door dit steroid geïnduceerde verveUmgsproces, maakte het mogelijk om 
de problemen rond de regulatie van deze genaktiviteiten, alsmede de gevolgen 
hiervan voor het cellulaire metabolisme, experimenteel te onderzoeken Hier-
door kan men een inzicht verkrijgen in het mechanisme van de celdifferen-
tiatie die plaatsvindt m de speekselklieren voorafgaande aan en tijdens de 
vorming van een pupanum 
Dit proefschrift bevat een aantal gegevens verkregen uit experimenten 
die enerziidï tot doel hadden de relatie tussen een extracellulaire stimulus, het 
steroid hormoon ecdyson, en de specifieke reaktie van het genoom te bestu-
deren Anderzijds werd getracht ook de funktionele en strukturele verande-
ringen m de celeigenschappen (m.u ν die van de kern) te relateren met de 
specifieke funktie van het steroid hormoon tijdens de ontwikkeling Beide 
facetten van de werking van het hormoon op het niveau van de individuele cel 
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werden vervolgens gekombineerd onderzocht teneinde een verband te zoeken 
tussen de funktieverandering van de cel en de daaraan voorafgaande verande-
ring in aktiviteit van het genoom, beide onder invloed van het vervellings-
hormoon. 
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INTRODUCTION 
Developmental changes are under the control of internal or exter­
nal stimuli. Most, if not all, of these stimuli act upon the genome by 
activation and/or repression of particular genes. Changes in gene ac­
tivity can easily be recognized in the dipteran polytene chromosomes 
as qualitative and quantitative changes in the pattern of puffs. 
These puffs are active in RNA synthesis (Edström and Beermann, 
1962; Peiling, 1964). 
During development the pattern of puffs undergoes specific varia-
tions which are correlated with changes in the metabolism 
(Beermann, 1952; Becker, 1959; Berendes, 1965; Ashburner, 1967, 
1969). It was established that experimental administration of the 
molting hormone ecdysone to larvae of Chironomus tentaos and Dro-
sophila hydei, respectively, is effective in the induction of specific 
alterations in the puffing pattern. These alterations are identical 
with those occurring in normal development shortly before a molt 
(Clever and Karlson, 1960; Berendes, 1967). Upon injection of ecdy-
sone in Drosophila hydei, the puffing pattern of salivary gland chro-
mosomes shows two phases of changes which are separated in time 
(Berendes, 1967). The significance of these alterations in gene activ-
ity for the metabolism of the salivary gland cells remained unclear. 
During the mid and late third instar of Drosophila hydei, a change 
in the function of salivary gland cells occurs. In the distal cells a typ-
ical secretion of mucopolysaccharide nature (glue substance) be-
comes synthesized. This secretion is stored as droplets or granules 
during the third instar and secreted just before puparium formation. 
This secretion is used for adhesion of the puparium to a substrate. 
During the third instar the number of cells containing these granules 
210 
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increases gradually as visualized by a shift of the boundary of this 
type of cells in proximal direction. Thus, during the third instar, the 
function of most of the salivary gland cells undergoes twice a drastic 
change. In the first instance, mucopolysaccharide synthesis becomes 
initiated and the cells store this product. The second change in func-
tion concerns a switch from storage to active secretion of the prod-
uct. 
The purpose of this investigation was to study the possible rela-
tionship of some of the characteristics of puparium formation by 
means of in vivo treatments with ecdysterone. The characteristic 
changes occurring during puparium formation which were used as 
parameters in this study are: the pigmentation of the cuticle, the 
process of secretion of mucopolysaccharides from the salivary gland 
cells and the changes in the puffing pattern. It appeared that the 
concentration of the steroid and the age of the larvae treated are 
important factors in the determination of the time of expression of 
the various features upon experimental induction. 
MATERIALS AND METHODS 
Culture methods. All experiments were performed with a wild type 
stock of Drosophila hydei. The following standard nutritive me-
dium was used: 10 gm agar; 18 gm dried yeast; 10 gm soymeal; 75 
gm cornmeal; 40 gm candy syrup; 80 gm molasses; 5 ml propionic 
acid in 1000 ml water. The culture temperature was 26 ± 10C. 
The synchronization of the cultures was performed essentially as 
described by Berendes (1965). The second molt occurs after 95-99 
hours, followed by puparium formation at 160-164 hours after ovipo-
sition. The time of puparium formation was determined in all exper-
iments. If the time between oviposition and puparium formation was 
shorter than 159 or longer than 163 hours, the results are not in-
cluded in this paper. The age of the animals is always given in hours 
after oviposition. 
Determination of puff activity. The salivary glands were dissected 
in body fluid and prefixed in ethanol-acetic acid (3:1) for 5 minutes. 
Subsequently, the glands were stained in aceto-orcein for 30 min, 
transferred to 50% acetic acid and squashed. The puffing pattern of 
the chromosomes was based on the cytological map of Drosophila 
hydei (Berendes, 1963). Puff activities were determined by compar-
ing the diameter of the puffed region with that of a particular neigh-
boring nonpuffed region. The difference between the values of the 
% 
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puffed and nonpuffed region increases if the puff becomes more ac­
tive. This increase is expressed as a percentage. All values recorded 
are an average of 10 determinations carried out on 2 nuclei in each of 
5 different animals. 
Characterization of puparium formation. In normal development 
puparium formation is characterized by a variety of changes in lar­
val features, the most evident changes being immobilization of the 
larvae, the extrusion of the anterior spiracles and the shortening of 
the larval cuticle. Immediately thereafter the sclerotization of the 
cuticle begins (Demerec, 1965). Because it is rather difficult to estab­
lish the exact time at which some of these characters become ex­
pressed, pigmentation of the cuticle will be used as one measure for 
ecdysterone activity. The time at which 50 rr of the injected larvae 
show pigment spots on the dorsal side of at least 3 of the abdominal 
segments is taken as the onset of pigmentation of th^.cuticle. 
Ecdysterone administration. In vivo treatments with ecdysterone 
[kindly supplied by Dr. J. de Wilde (Wageningen)] are performed by 
injection of 1 zfc 0.2 μΐ per larva in the 8th abdominal segment. The 
ecdysterone was solubilized in ethanol, and injected at a final con­
centration of 5 rr ethanol. In order to provide a basis for comparison 
of the effects of the steroid at various stages of development the con­
centration of the ecdysterone injected was calculated on the basis of 
the weight of the larvae. The three ecdysterone concentrations regu­
larly used were 25 X 10 \ 25 X 10"\ and 25 X 10""' mg/gm larva. 
In all experiments the effect of injection of 1 ± Ο^μΐ of the solvent 
is used as a control. The presence of mucopolysaccharide granules in 
cells was determined after staining with periodic acid Schiff reagent 
(PAS) as described by McManus (1946). 
RESULTS 
Influence of Ecdysterone on the Development of a Puparium 
By injection of ecdysterone at various times during the third instar 
the response of the larvae with respect to cuticle pigmentation was 
determined. From Table 1, it can be concluded that at all stages 
used, starting 5 hours after the last larval molt, pigmentation of the 
cuticle does occur. The time required to develop pigmentation in at 
least 3 abdominal segments in 50rf of the larvae injected vajies with 
the age of the larvae treated. The younger the larvae which receive 
an injection of the steroid, the longer the period rqguired to develop 
pigmentation. This result is obtained with the highest concentration 
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TABLE 1 
THE INFLLENCE OF INJECTION OF 25X10 ' mg ECDYSTERONE PER GRAM LARVA UPON 
PIGMENTATION OF THE LARVAF IN RELATION TO THE AGE OF THE ANIMAL 
. , , , Time of pigmentation Time of pigmentation 
Age ot the larvae in
 i n h o u r s a f t e r l n ] e c t l o n l n hours after ecdysterone 
hours after oviposition
 o f t h e s o l v e n t « injection 
100 61-64 21 
120 40-43 10 
130 30-33 8 
140 19-23 7 
150 11-13 6-7 
° No difference in the time of pigmentation could be detected between animals 
without treatment and animals injected with the solvent. 
of ecdysterone regularly used (25 X 10 " ' mg/gm larva administered 
at various ages). The question, whether or not the concentration of 
ecdysterone influences the development of the puparial features is 
studied in a series of experiments with 120-hour-old larvae. The per-
centage of larvae showing pigmentation 24 hours after injection of 
various ecdysterone concentrations is presented in Fig. 1. This per-
centage is seen to increase with increasing ecdysterone concentra-
tions. This result may be interpreted in a sense that higher concen-
trations of ecdysterone induce pigmentation within a shorter time 
than lower concentrations. Alternatively the ultimate effect on pig-
mentation may depend on the concentration used. The first interpre-
tation is more likely because even with very low concentrations (25 
X 10 mg ecdysterone/gm larva) lOOS of the larvae become pig-
mented if the time for completion of this process is provided (in 120-
hour-old larvae approximately 30 hours). 
Injection of ecdysterone does not always produce the complete set 
of changes in larval features. Injected animals may lack one or more 
of the puparial characters. The various characteristic features may 
also appear in a sequence different from that in normal develop-
ment. Injection of the larvae, with the highest concentration regu-
larly used (25 X 10 ~ ' mg/gm larva), causes faulty development re-
sulting in abnormal puparia. The morphology of these abnormal 
puparia differs slightly from animal to animal. Mostly the anterior 
spiracles are not extruded and the larvae keep their larval shape al-
though they become completely pigmented a few hours later. Some-
times the larvae remain mobile while all the abdominal segments 
have pigment spots at their dorsal side. This sequence of events in 
4 
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0/<. larvae w i t h p igmented -
abdominal segments 
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80 
60 
1Л 
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( m g e c d y s t e r o n e / g l a r v a ) » 2 5 
Fio 1 Percentage of Drotophiìa hydei larvae showing pigmentation 24 hours after 
injection of various ecdysterone concentrations The injections with ecdysterone are 
performed in 120-hour old larvae 
normal development is reverse, the larvae becoming immobile before 
pigmentation starts. In general, no flies will emerge from abnormal 
pupana Injection of the highest concentration used (25 X 10 
mg/gm larva) in late third-instar larvae (150 hours) results in the 
appearance of an abnormal pupanum If, however the concentration 
is reduced by a factor 100 a normal-looking pupanum arises after 
injection. 
Ecdysterone-Induced Changes m Genome Actwity 
Both ecdysone and ecdysterone are known to affect the pattern of 
gene activities in a specific manner, inducing the appearance and 
disappearance of particular puffs shortly after administration of 
these steroids. Among these changes in gene activity which occur 
within 1 hour, puff 78B is striking. The first group of changes in the 
puffing pattern is followed by a second group occurring some hours 
later. Puff 77BC which becomes active at 4-5 hours after ecdysone 
administration, is used as a representative of this group (Berendes, 
1967). The effect of various steroid concentrations as well as the sig-
nificance of the moment of development at which they are adminis-
tered were investigated with respect to the response of these loci. 
TIME SEQUENCE OF DEVELOPMENTAL CHARACTERS 215 
As measures for the response of the genome, the increase in diame-
ter of the puffs 78B and 77BC after experimental administration of 
the steroid were used. The effect of three different concentrations 
(see Materials and Methods) is studied in larvae of 120, 130, 140, and 
150 hours after oviposition. Puff size, period of puff activity, the 
appearance of the second series of puffs (77BC) in relation to the first 
(78B), the time of occurrence of glue secretion by the gland cells and 
the onset of pigmentation are taken into account. All features are 
recorded in the Figs. 2-5. 
From these figures it can be concluded that the size and period of 
activity of puff 78B depends on the ecdysterone concentration used 
(see also: Berendes, 1967). In the range of concentrations studied, the 
lowest concentration (25 X 10 ~0 mg/gm larva) induces a puff at 78B 
with a significantly smaller size than with the highest concentration 
(25 X 10" ' mg/gm larva). These features are independent of the age 
of the larvae injected. The moment at which, after ecdysterone injec-
tion, increase in puff size becomes evident, is identical for all con-
centrations and all ages used. 
In contrast with the reaction of puff 78B, the response of puff 
77BC not only depends on the steroid concentration applied, it also 
varies with the age of the larvae treated. If size and period of activity 
of this puff, after injection with different concentrations of ecdyster-
one, are compared at one particular stage in development, it appears 
that a greater puff size and a longer period of activity are induced 
with the highest concentration as compared with the lowest. 
A third effect may be noticed. The time required for puff 77BC to 
become active varies depending upon the concentration used. The 
higher the concentration used, the shorter the period between appli-
cation of the steroid and the appearance of puff 77BC. 
Significant differences in the effect of one particular concentration 
of ecdysterone upon the size, period of activity and time of appear-
ance of puff 77BC were observed when this concentration is applied 
at different developmental stages. In older animals the size of this 
puff is greater, its period of activity longer and its moment of ap-
pearance earlier than in young animals. This holds true for each of 
the concentrations tested, although the lowest dose (25 X 10"° mg/gm 
larva) failed to produce a response of puff 77BC in 120- and 130-
hour-old larvae. 
Combination of the data obtained from the study of the activity 
changes of the genome with those concerning the secretion of the 
i. 
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FIG 2 Time sequence of the expression of pupanal characters after injection of 
ecdysterone in Drosophila hidei larvae Three different ecdysterone concentrations 
(25 X 10 ', 25 X 10 ', and 25 X 10 ' mg ecdysterone per gram of larva) are injected 
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mucopolysaccharide and pigmentation, reveals the existence of a 
particular sequence in time of the events studied. Among these, the 
formation of puff 78B appears to be the first response upon ecdyster-
one administration. After a certain time glue secretion is observed. 
The moment of onset of this process is dependent upon the age of the 
larvae studied and the concentration used. Shortly after, or concomi-
tantly with the onset of glue secretion, puff 77BC appears. At this 
time puff 78B has disappeared or has a very low activity. Pigmenta-
tion usually develops after the appearance of puff 77BC, however, if 
at a particular larval age, the concentration applied was insufficient 
to produce activity of puff 77BC, pigmentation does still occur. 
Injection of the solvent produces a few additional puffs. However, 
the ecdysterone specific puffs were not affected. 
Influence of Ecdysterone upon Glue Secretion bv the Saliuary gland 
Cells 
In normal development the glue substance (mucopolysaccharide) 
is synthesized and stored in the salivary gland cells throughout the 
third instar. The glue is secreted from the cells into the lumen 1 hour 
before the onset of puparium formation. 
Upon administration of certain doses of ecdysterone to larvae at 
various moments during the third instar period, the glue substance 
will be secreted by the cells (Fig. 6). This holds true only for cells 
containing the mucopolysaccharide, the number of which varies with 
the age of the larva. Even if only a few cells contain glue substance 
as in early third-instar larvae, it will be secreted after injection of 
the steroid. 
The presence of the mucopolysaccharide in the lumen was ascer-
tained with the PAS reaction. The PAS reaction shows that in nor-
mal development the cytoplasm contains PAS-positive material 
whereas the lumen is PAS negative. In the animals injected with 
ecdysterone a PAS-negative reaction of the cytoplasm and a PAS-
positive reaction of the gland lumen is evident. 
Secretion of the mucopolysaccharide depends on the concentration 
of ecdysterone injected. From Fig. 2 it can be seen that at 120 hours 
after oviposition only the highest concentration of ecdysterone (25 X 
in 120-hour-old larvae. The diameter increase of the puffs 78B and 77BC, representing 
the first and second series of puffs, the period of puff activity, the moment of appear-
ance of the second serie of puffs (77BC) in relation to the first serie (78B), the time of 
glue substance secretion by the salivary gland cells, and the onset of cuticle pigmen-
tation are recorded. 
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FIG. 3. For legend, see Fig. 2. Injections are performed in 130-hour-old larvae. 
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FIG 6. Glue substance secretion by the salivary gland cells of Drosophila hydei 
after ecdysterone injection, (a) Control salivary gland of a 136-hour-old larva. 6 hours 
after injection with 1 zt 0.2 μΐ 5'г ethanol. The cells in the distal part of the gland 
contain mucopolysaccharide granules. In the lumen of the gland no glue substance 
could be demonstrated, (b) Salivary gland 6 hours after injection of 25 X 10 mg 
ecdysterone per gram of larva at 130 hours after oviposition. The glue secreted from 
the cells into the lumen is clearly visible. Z,, lumen. 
10 " ' mg/gm larva) induces secretion of the glue substance. Lower 
concentrations were ineffective in producing the secretory event. At 
130 hours after oviposition injection of ecdysterone at a concentra­
tion of 25 X 10 ' mg/gm larva as well as 25 X 10 4 mg/gm larva re­
sulted in the secretion of the glue substance from the cells.(Fig. 
3). Only the lowest concentration (25 X 10 ^ mg/gm larva) is inef­
fective at this stage. Animals, of 140 hours after oviposition and 
older, show a secretion of the mucopolysaccharide at all concentra­
tions of ecdysterone administered (Figs. 4 and 5). It appears that 
secretion of the mucopolysaccharide is in some way related to the 
presence of ecdysterone in the hemolymph. The threshold of the 
steroid required for onset of secretion is gradually decreasing during 
the third instar. The time of secretion of the mucopolysaccharide 
from the gland cells in relation to the ecdysterone concentration 
used and the age at which the larvae were injected is shown in 
the Figs. 2-5. It is evident that in 120-hour-old larvae, injected 
with the highest concentration of ecdysterone, secretion starts 8 hours 
after injection. With the same concentration administered to 130-
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hour-old larvae secretion can be detected within 6 hours. The time 
lapse between injection of this concentration and the secretion of 
the mucopolysaccharide is reduced to 4-5 hours in 140-hour-old 
larvae and to 4 hours in 150-hour-old larvae. Besides larval age, 
the concentration of ecdysterone injected appears to be a factor in 
the determination of the moment at which the glue substance is 
secreted. For example, upon injection of a concentration of 25 X 10 J 
mg/gm larva into 140-hour-old larvae, secretion occurs within 4-5 
hours. After injection of one-tenth of this concentration into ani-
mals of the same age secretion occurs at 6 hours after injection. 
Another reduction of the amount of ecdysterone injected (one-
tenth of the former quantity) again produced a delay in the secretion 
of the mucopolysaccharide by 2-3 hours. 
These results indicate that the time lapse between injection of the 
steroid and secretion depends upon the age of the larvae as well as 
on the concentration injected. The responsiveness of younger ani-
mals to ecdysterone with respect to secretion of the glue substance 
appears to be lower than that in older animals. An effect of injection 
of the solvent upon the secretory activity of the cells is not observed. 
DISCUSSION 
In normal development a gradual increase in molting hormone ti-
ter at the end of the larval life is accompanied by a coordinated de-
velopment of a variety of prepupal characters. Experimental admin-
istration of the molting hormone or its hydroxylated derivative ec-
dysterone, results in Drosophila hydei in the initiation of a number 
of processes involved in puparium formation. At all moments during 
the third instar, changes in genome activity, secretion of mucopoly-
saccharides by the salivary gland cells, and pigmentation can be ini-
tiated. It, therefore, can be concluded that with respect to these 
processes, third-instar larvae are competent to react upon the molt-
ing hormone stimulus. A similar conclusion was reached with respect 
to the changes in genome activity of Chironomus tentons larvae ini-
tiated by experimental administration of ecdysone (Clever, 1965b). 
The formation of a puparium is the result of an integrated and 
coordinated development of the various processes involved in pupar-
ium formation. Although experimental administration of the molting 
hormone is effective in the induction of various processes, the coordi-
nation in the development of puparial characters may be disturbed. 
After application of the higher doses of ecdysterone, defective pu-
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paria may arise. These puparia have developed some of the charac-
teristic features, but some fail. The development of these defective 
puparia may be due to a sudden availability of a certain hormone 
titer, whereas in normal development a gradual increase occurs. It 
could be supposed that upon this gradual increase in hormone titer 
different cell types become sequentially initiated to perform their 
contribution to the molting process (Bodenstein, 1942). If this inter-
pretation is correct, the sudden availability of hormone produced by 
injection may result in the initiation of various processes at the same 
time. This could lead to a disturbance of the regular and coordinated 
sequence of these processes, resulting in the development of a defec-
tive puparium. Arguments for this interpretation are the results ob-
tained with various concentrations of ecdysterone. After injection of 
25 X 10 ~J mg ecdysterone per gram of larva at 130 hours after ovipo-
sition a defective puparium developed. With lower doses applied at 
the same age, a normal puparium is formed. Similar effects of var-
ious doses of ecdysone and related steroids upon development of 
other insects were reported (Williams, 1968). The occurrence of 
defective puparia may arise from an overdosage of the steroids 
(hyperecdysonism) as also was suggested by Williams (1968). How-
ever, not only an "overdosage," but also too low concentrations of 
the steroid may produce a defective puparium. The latter phenome-
non is exemplified in Figs. 2 and 3, where it is shown that the lowest 
dose applied initiates only some of the processes which occur in a 
regular sequence during normal development. 
In addition to the system just proposed for a regular response of 
the animal to an increasing titer of molting hormone, it can be sug-
gested that the responsiveness of the parts of the system, the indi-
vidual cells, increases during development. Indications for this are 
provided by the present data. At later stages of the third instar a 
complete response of the salivary gland cells can be achieved with 
lower doses of ecdysterone. Among the features studied only the time 
of appearance of puff 78B is not dependent on the concentration 
used, although its level and period of activity becomes higher with 
higher ecdysterone concentration. These observations contrast with 
those of Clever (1965a) on Chironomus tentans. In Chironomus ten-
tans only the two puffs reacting immediately after injection of ecdy-
sone depend in their activity upon the concentration applied. The 
activity and the moment of appearance of all puffs reacting later was 
independent of the concentration of the steroid. 
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So far, it remains to be established whether a complete response 
should be characterized by the threshold of ecdysterone providing 
initiation of the processes, or by that concentration which enables a 
normal and integrated progression of the features studied. The latter 
concentration might be higher than that providing initiation only. A 
clue to this question may be the study of the relationship between 
the various features. 
SUMMARY 
The effect of injection of different ecdysterone concentrations into 
third instar larvae of Drosophila hydei at various stages was studied 
with regard to changes in genome activity, secretion of mucopolysac­
charides by the salivary gland cells, and pigmentation. 
It is found that the level and period of activity of puff 78B, a rep­
resentative of the first series of changes in genome activity, depends 
upon the concentration of the steroid applied. For the second series 
of changes in genome activity, represented by puff 77BC, it is estab­
lished that not only the level and period of its activity, but also its 
time of appearance depends on the age of the larvae and the steroid 
concentration administered. Younger animals are less responsive to 
the steroid than older ones. 
Glue secretion and pigmentation occur with a longer delay in 
young than in old larvae. This delay can be reduced by raising the 
steroid concentration. 
The possible relationships between the reaction of the various 
processes upon experimental administration of the steroid are dis­
cussed. 
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FUNCTIONAL AND STRUCTURAL CHANGES IN 
DROSOPHILA SALIVARY GLAND CELLS 
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Abstract—In normal development a complex pattern of changes in the 
submicroscopic structure of Drosophila hydei salivary gland cells occurs in 
relation to the onset of secretory activity of these cells prior to puparium 
formation. The major changes involved in this structural reorganization of 
cytoplasmic components are as follows. The mucopolysaccharide secretory 
product present in the form of globules which are randomly distributed over the 
cytoplasm in the course of the third instar migrate to, and accumulate at, the cell 
apex. The arrangement and number of microvilli undergo drastic changes 
involving elongation and increase in number of the villi. The RER, which is 
originally distributed randomly, is reorganized into whorls and vesicles. These 
major changes can be experimentally reproduced by administration of the 
steroid moulting hormone derivative ecdysterone to larvae in the middle of the 
third instar. 
Administration of ecdysterone to early third instar larvae, in which salivary 
glands are still inactive with respect to mucopolysaccharide synthesis, results 
in only a partial reproduction of the features displayed by middle third instar 
glands. The changes in the arrangement and number of microvilli do not occur 
in the early third instar glands. 
The changes observed in the early third instar salivary gland cells indicate 
that the onset of mucopolysaccharide synthesis is inhibited by the steroid 
treatment. Support for this assumption is provided by studies on the features 
of the RER and Golgi systems in middle third instar salivary gland cells. 
On the basis of this investigation it may be suggested that the steroid 
ecdysterone is an effective trigger of mechanisms active in cytodifferentiation. 
It seems that not only secretion of mucopolysaccharides is initiated by the 
steroid, but also the synthesis of this substance inhibited. 
INTRODUCTION 
DURING larval development the salivary glands of Drosophila grow by increase in 
cell size, and the cell number remains constant. During the first, the second, and 
the very early third instar the salivary glands are small narrow tubes. All cells 
are of the same type and probably produce digestive enzymes (DEMEREC, 1965). 
During the third larval instar, a substance of mucopolysaccharide nature is syn­
thesized and stored in the form of granules or globules in the cytoplasm (BEHENDES, 
1965). Synthesis of this product is first observed in the distal cells of the gland, 
* Present address: Faculty of Agricultural Sciences, Ghent, Belgium. 
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but extends successively to more proximal cells in the course of development. 
At the end of the third instar most of the cells are active in mucopolysaccharide 
synthesis. Generally, only a few cells close to the imaginai disk of the gland fail 
to synthesize the mucopolysaccharide. 
Approximately 1 hr before puparium formation the entire mucopolysaccharide 
content of the gland cells is secreted (Table 1). The mucopolysaccharide serves as 
a glue by which the puparium is attached to a substrate. 
Recently, it was shown that the onset of the secretion of the mucopolysaccharide 
from the gland cells is in some way or another related with a certain titre of moulting 
hormone in the larval haemolymph (POELS, 1970). 
In order to acquire a better insight in this relationship a study of the changes 
in cytoplasmic organization of the salivary gland cells at the submicroscopic level 
following experimental administration of the moulting hormone derivative ecdy-
sterone was undertaken. The effect of experimentally administered ecdysterone 
upon the salivary gland cells of middle third instar larvae is compared with the 
effect of the hormone in normally developing larvae. Furthermore, early third 
instar larvae were injected with ecdysterone in order to investigate whether the 
salivary gland cells, which do not contain mucopolysaccharides at this stage, are 
subject of changes in cytoplasmic organization comparable to those of mucopoly­
saccharide containing cells. 
M A T E R I A L S A N D M E T H O D S 
All observations were made on salivary gland cells of third instar larvae of a 
wild type stock of Drosophila hydei. Breeding and synchronization of larval develop­
ment was performed as described by BEHENDES (1965). The culture temperature 
w a s 2 6 ± l 0 C . 
Ecdysterone was injected at two stages during the third instar: at 100 hr 
(early third instar) and at 140 hr after oviposition (middle third instar). 
Each larvae was injected with 25 χ I O - 3 mg ecdysterone/g larva dissolved in 
0-5 μ\ for 100-hr-old larvae and in 1-0 μ\ for 140-hr-old larvae. The ecdysterone 
was dissolved in 5% ethanol. Control injections were performed with 5% ethanol. 
For electron microscopy the salivary glands were isolated and immediately 
transferred to ice-cold 2-5% glutardialdehyde in a phosphate buffer (ρΗ = 7·2) 
for 2 hr. Following fixation the glands were stored overnight in cold phosphate 
buffer and postfixed for 1 hr in 1% O s 0 4 (0 to 4°C). After rinsing in cold buffer, 
the glands were dehydrated in an ethanol series among which the 70, 80, 90, and 
100% solutions were saturated with uranyl acetate. The glands were embedded 
in Epon. 
R E S U L T S 
Normal middle third instar salivary gland cells 
The outer surface of the salivary gland cells of D. hydei is covered by a very 
thin and flat basement membrane, which is very poor in cytoplasmic components. 
The cytoplasmic area of salivary gland cells situated underneath the basement 
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membrane is strongly vacuolized (Fig. 1). This vacuolization extends into the 
basal cytoplasm in the region of the intercellular membranes over a distance of 
approximately two thirds of intercellular contact. In the apical zone of the inter­
cellular contact, the cell membranes of neighbouring cells are closely associated. 
In this zone vacuolization in the vicinity of the cell membrane is absent (Fig. 2). 
The central cytoplasm is very rich in randomly distributed rough surfaced 
endoplasmatic reticulum. Free ribosomes and numerous Golgi zones can be 
observed. The Golgi system is composed of small vacuoles (0-03 to 0-15 /x), 
some of which contain electron dense material (Fig. 6a). Membrane-limited 
granules varying in diameter from 0-1 to 2-8 μ are randomly distributed over the 
entire cytoplasm. Also mitochondria have a random distribution. Only a 0·25 μ 
wide region of apical plasma bordering the gland lumen and extending into the 
microvilli is devoid of any of the structures so far mentioned. This cytoplasmic 
area appears to be delimited from the rest of the cytoplasm by microfibrils running 
parallel to the cell surface (Fig. 6a). The microvilli display an internal fibrillar 
structure similar to that described for Malpighian tubule cells in Drosophila 
(WESSING, 1962). They are situated at various distances from each other (30 to 
200 m¿¿), and on the average are 3 μ long and 0-05 μ in diameter (Fig. 6a). 
From about 120 hr after oviposition mucopolysaccharides containing granules 
can be found in the cytoplasm. In the course of the middle and late third instar 
development the granules increase in number as well as in size. At 125 hr the 
diameter of the granules varies between 0-1 and 0·7 μ, whereas at 146 hr granules 
with diameters up to 2-8 μ are present. The diameter increase may result from 
an association and incorporation of small droplets into larger ones (see Fig. 1). 
T A B L E 1 — T I M E SEQUENCE OF SOME DEVELOPMENTAL FEATURES DURING THE T H I R D INSTAR 
DEVELOPMENT OF D. hydei 
Time after 
oviposition 
(hr) Developmental feature 
95-99 Second ecdysis 
120 Onset of mucopolysaccharide synthesis in distal salivary 
gland cells 
152 Sudden rise in hormone titre indicated by the occurrence of 
the first group of hormone-specific gene activities 
159 Secretion of mucopolysaccharide from salivary gland cells into 
gland lumen 
160 Puparium formation, extrusion of spiracles, fixation to sub­
strate 
164 Larval-pupal apolysis. 
Late third instar larvae 
In order to study the changes in cytoplasmic organization during the secretory 
phase, salivary glands of late third instar larvae (158-160 hr after oviposition) 
were sectioned. In actively secreting cells the basal plasma is almost devoid of 
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granules. Most of the mucopolysaccharide granules are found in the vicinity of 
the cell apex. The shape of the granules changes probably as a result of migration 
of their contents in the direction of the lumen. The contents finds its way to 
the lumen between the villi (Fig. 3). Bordering the gland lumen, numerous 
vacuoles containing membranous elements are present which may be empty 
remainders of the secretion granules. In the apical cell region the number of mito­
chondria is greatly increased. The typical plasma layer at the basis of the micro­
villi has completely disappeared. In contrast to the situation in middle third instar 
cells, the arrangement of the microvilli has changed drastically (Fig. 3). The 
number per unit area cell surface has increased and in some areas they display a 
considerably greater length. The stretched appearance of the microvilli extending 
into the empty gland lumen at a middle third instar stage is altered into an irregu­
larly arranged array of closely associated microvilli. 
Apart from the changes in the organization of apical cytoplasmic structures, 
changes in the organization of the RER are found. During the secretory phase a 
large portion of the RER is reoriented into parallel sheets or whorls. The whorls 
may attain diameters up to 4 μ. The membranes composing these structures are 
lined with ribosomes. Terminally, the membrane structures composing the whorl 
sometimes show budding off of profiles (Fig. 4). This process may result in the 
appearance of vesicular endoplasmatic reticulum. A similar process occurs in 
Nasonia vitripennis (RADCLIFF and KING, 1970) and Aedes aegypti (STAUBLI et al., 
1966). In the salivary gland cells of Drosophila hydei it appears that at later stages 
of development the whorls are smaller and the quantity of vesicular endoplasmatic 
reticulum is increased. 
During and following the secretory phase the structure of numerous mito­
chondria becomes changed. The electron density of these mitochondria, which 
show signs of vacuolization, has increaed. At 163 hr after oviposition (3 hr after 
puparium formation) no normal mitochondrial structures could be recognized. 
Also the Golgi systems undergo changes. Although at the time of glue substance 
secretion complexes of small vesicles resembling Golgi systems can still be observed, 
the typical electron-dense material in some of the vacuoles present at earlier stages 
is absent. Golgi systems seem to be completely absent after mucopolysaccharide 
secretion has been completed. The only component which escapes from drastic 
changes in its morphology during and shortly after the secretory phase is the 
nucleus. First signs of nuclear degeneration did appear in glands of 163 old 
animals. 
Changes in cytoplasmic structure of early and middle third instar salivary glands 
following injection of ecdysterone 
(a) Early third instar. Salivary glands of larvae injected with ecdysterone at 
2 to 4 hr after the second ecdysis were analysed 25 hr later. As compared with 
control larvae injected at the same stage with solvent only or with larvae of 125 hr 
which had not been treated at all, a variety of changes in the cytoplasmic organi­
zation of the salivary gland cells were observed. The differences in structure and 
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Fu; . 1. Micrograph of the basal plasm of a middle· third instar salivary gland cell 
revealing the basement membrane, the presence of numerous vacuoles in the 
basal plasm and the loosely apposed intercellular membranes (arrows). SG , 
secretion granules, (i. Golgi zones. 
F I G . 2. Apical region of middle third instar salivary gland cell revealing a close 
intercellular junction and microvilli. L, gland lumen. 
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FlG. 3. Release of the contents of a secretion granule (SG) into the ціаікі lumen 
(I,). T h e structure and arrangement of the microvilli shows typical differences as 
compared with Fifí. 2. 
F I G . 4, Electron тісгокгаріт of a whorl, characteristic configuration of the endo-
plasmatic reticulum in secreting cells. Note the budding off of profiles (arrows). 
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F I G . 5. Apical regions of salivary gland cells at 125 hr after oviposition (early 
third instar) (a) and of a gland cell derived from a larvae of the same age which 
was injected with ccdysterone at 100 hr after oviposition (b). Note the difference in 
organization of the RKR. the numerous vacuoles and the absence of secretion 
granules in (b). 
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Fu;. 6. Apical regions of salivary jíland cells at 146 hr after oviposition (a), control 
larva (b), larva injected at 140 hr with ecdysterone. T h e gland lumen of ecdysterone 
treated animals is tilled with secretory product derived from the secretion granules. 
T h e difterences in the structure and arrangement of the villi in (a) and (b) are 
obvious. T h e structure of the apical plasm in (a) is typical for salivary gland cells 
active in secretion. 
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arrangement of cytoplasmic components between ecdysterone treated and control 
larvae resemble those between larvae of 152 and 163 hr in normal development. 
However, since none of the early third instar glands studied did not yet contain 
mucopolysaccharide granules at the time of ecdysterone injection secretion of 
mucopolysaccharide material into the gland lumen could not be observed. Never-
theless, the arrangement of the RER shows features similar to those observed 
in cells which are in the process of secretion (Fig. 5b). Furthermore, the cytoplasm 
shows a vacuolized appearance. On the other hand, the microvilli seemed to be 
unaffected by the ecdysterone treatment, in displaying a similar number per unit 
area as in the gland cells of control larvae of the same age. The typical cytoplasmic 
zone at the basis of the microvilli remains intact. Also changes in mitochondrial 
distribution and structure which are characteristically associated with the secretory 
event in normal development appear to be absent in larvae injected at an early 
third instar stage with ecdysterone. 
(b) Middle third instar. The effect of ecdysterone injection upon salivary 
gland cells containing mucopolysaccharide granules was investigated at 6 hr after 
injection of 140-hr-old larvae (middle third instar). As compared with control 
larvae of 146 hr, the injected larvae revealed the complete pattern of features 
characteristic for the secretory event. From this comparison it became evident 
that the mucopolysaccharide granules were dislocated in the gland cells of ecdy-
sterone treated animals. Whereas in the controls the granules are randomly dis-
tributed over the entire cytoplasm, the treated animals revealed a location of most 
of the granules in the apical region of the cells. Furthermore, the shape of the 
granules is changed. They appear in more or less elongated forms and sometimes 
fusion of the contents of several granules can be observed. Before the release of the 
contents of the granules into the gland lumen an intimate contact is established 
between the basis of microvillar structures and the granule membrane. In contrast 
to the control animals, the gland lumen of the treated animals was filled. Numerous 
vacuoles are found in the apical cell region. The absence of a typical zone 
at the basis of the microvilli and the increased number of the villi are features 
similar to those observed in gland cells in a natural secretion phase. Also in 
these features the gland cells of treated animals differ obviously from those of the 
controls. 
As during the natural secretory phase, the distribution of mitochondria in 
gland cells active in experimentally induced secretion differs from that in the 
controls, showing an obvious increase in number in the apical region of the cells. 
Only some mitochondria have at this stage a vacuolized appearance. The drastic 
changes in RER organization as observed in normal development during and 
following the secretory phase had, in the animals injected with the steroid, not 
developed to a similar extent. Some sheets of lamellae and some small whorls 
can be identified. 
The Golgi systems in these cells resemble those in cells during the secretory 
phase in normal development. The systems are composed of a number of vacuoles 
missing the electron dense contents in some of them. 
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D I S C U S S I O N 
The moulting hormone /î-ecdysone (ecdysterone) is effective in the initia-
tion of a definite change in the function of larval salivary gland cells of D. hydei. 
In normal development these cells synthesize and store a mucopolysaccharide 
until shortly before puparium formation. Experimental introduction of the 
steroid into the larval haemolymph initiates the secretion of the mucopolysaccharide 
from the cells into the gland lumen (POELS, 1970). 
The present investigation not only revealed that the experimentally induced 
secretion of the mucopolysaccharide involves a complex pattern of changes in cell 
features at the submicroscopic level, but also that this pattern of changes resembles 
that occurring during normal development shortly before puparium formation 
(compare organization of cytoplasmic components in Figs. 7a and b). 
F I G . 7. Diagram showing the most conspicuous and consistent changes in cyto-
plasmic organization of larval salivary glands of D. hydei prior to pupar ium forma-
tion. T h e cells during the thi rd instar synthesized and stored a mucopolysaccharide 
(a) which is secreted into the gland lumen shortly before pupar ium formation 
under the influence of the moult ing hormone (b). 
In normal as well as in experimentally induced secretory activity of the cells 
the mucopolysaccharide granules or globules migrate from random distribution 
over the cytoplasm to the cell apex. A similar process was described during 
secretory activity of the rat parotid gland (SCOTT and PEASE, 1964). It was suggested 
that this process involved a change in the physical state of the product. 
During and after secretion of the mucopolysaccharide from the cell apex into 
the gland lumen, large vacuoles are present bordering the apical membrane. 
Many of these vacuoles contain membranous material, which may be the 
remainder of the original limiting membranes of the mucopolysaccharide granules 
(see BAKER et al, 1964). 
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Drastic alterations in the number and arrangement of the microvilli occur in 
relation to the secretion of the mucopolysaccharide material. Sometimes micro-
villi surround individual mucopolysaccharide granules suggesting that these 
organelles participate in some way or another in the secretion process. However, 
the microvilli never contain any material with an electron density similar to that 
of the mucopolysaccharide masses. The structural organization of the cytoplasmic 
components at the moment at which the contents of a granule is released into the 
lumen (Fig. 3) is indicative for an eccrine secretory mechanism (KUROSUMI, 1961). 
In addition to the already mentioned changes, the organization of the RER and the 
Golgi systems are subject to alterations during and after secretion of the cell 
product. It, thus, may be concluded that the steroid ecdysterone initiates a com-
plex pattern of processes at the subcellular level resulting in the secretion of the 
cell product. 
So far, most of the interrelationships between these processes, involving a 
variety of cytoplasmic organelles, remained undefined. Some insight in these 
relationships was obtained by comparing the effect of ecdysterone upon muco-
polysaccharide containing cells with that upon cells which lack the mucopolysac-
charide granules (early third instar). This comparison revealed definite differences 
in response of the two classes of the same type of cell. Whereas in the granule-
containing cells following ecdysterone treatment the number and arrangement of 
the microvilli was subject of considerable changes, no changes in the appearance 
of these organelles were observed in cells missing the mucopolysaccharide granules. 
It, therefore, could be assumed that the competence of the cells to follow a certain 
pattern of response upon the ecdysterone treatment, depends on their physiological 
state. Cells which already contain mucopolysaccharides at the time of ecdysterone 
treatment react with secretory activity involving a change in the number and 
arrangement of the microvilli. Cells devoid of mucopolysaccharides do not react 
with a change in the organization of the microvilli. However, part of the other 
features displayed by the mucopolysaccharide containing cells in response to 
ecdysterone treatment, does occur in early third instar cells as well. Reorgani-
zation of the RER and the occurrence of cytoplasmic vacuoles occurs in either type 
of cell. It is uncertain whether the origin of the vacuoles is the same in both 
functionally different cells. It could be assumed that these features, in particular, 
have no relationship with the process of mucopolysaccharide secretion. These 
changes in cytoplasmic organization could be part of a mechanism by which the 
synthesis of mucopolysaccharides is turned off in response to the steroid. The 
assumption that ecdysterone not only initiates the secretion of mucopolysaccharides 
but should have also an inhibitory effect on the mucopolysaccharide synthesis is 
supported by the following observations. 
Actively mucopolysaccharide synthesizing cells display a characteristic organi-
zation of the RER and Golgi systems. In the vesicles of the Golgi system material 
occurs with an electron density similar to that of the mucopolysaccharide granules. 
Vesicles of similar size are found free in the cytoplasm and sometimes in contact 
with the mucopolysaccharide granules. It may be assumed that the electron dense 
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material present in the Golgi systems is an accumulation of mucopolysaccharides. 
If this assumption is correct, turning off of the synthesis of this product would 
consequently lead to the disappearance of electron dense material from the Golgi 
systems. This, indeed, is observed following ecdysterone administration. Also 
the changes in RER organization, the formation of whorls and vesicular RER 
indicate a change in synthetic activity of the cells (RADCLIFFE and KING, 1970). 
Finally, the fact that early third instar glands fail to provide any indication for the 
synthesis of mucopolysaccharide during a 25 hr period following ecdysterone 
injection, may be a consequence of the turning off of the synthetic mechanism. 
If the breakdown of the steroid in Drosophila were as rapid during the early third 
instar as found for ecdysone in other dipterous larvae during a similar period 
(KARLSON and BODE, 1969; SHAAYA, 1969), it should be expected that the level 
of the steroid would become sufficiently low within the 25 hr period to release a 
possible initial blocking of the mucopolysaccharide synthesis. Despite the sub-
microscopic structure of salivary gland cells has not been investigated after periods 
longer than 25 hr following injection it seems that the ecdysterone causes an 
irreversible block of mucopolysaccharide synthesis. 
The data indicate that ecdysterone not only acts as a trigger for the initiation 
of secretion of the salivary gland product, but also as a trigger for turning off its 
synthesis. This, however, does by no means imply a direct action of the steroid 
upon these processes. It is well established that preceding the changes in the 
cytoplasmic organization of the salivary gland cells, definite and characteristic 
changes in genome activity take place (BEHENDES, 1967). 
The relationship between these changes and the events at the cytoplasmic level 
are subject of further investigation. 
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ABSTRACT 
A medium for long term in vitro maintenance of Drosophila salivary 
glands is described. After it was established that the structural and functional 
capacities of the salivary glands of Drosophila hydei remain unaltered during 
at least 12 hours of incubation in the medium, the relationship between 
0-ecdysone specific changes in genome activity and changes in cell function 
was investigated. In normal development as well as in the medium used, 
salivary gland cells release a mucopolysaccharide some hours after the appear­
ance of definite changes in genome activity which occur as a consequence of 
an increase in ecdysone concentration. 
If ecdysone is supplied to glands in a medium containing actinomycin D, 
only small ecdysone specific puffs, inactive in RNA synthesis, develop and the 
secretory event is not initiated. A similar result was obtained if protein 
synthesis was inhibited by cycloheximide. The secretory event does occur 
when cycloheximide is administered to the glands three hours after the β-
ecdysone was supplied. 
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INTRODUCTION 
Most, if not all, Drosophila species synthesize and store mucopoly-
saccharides in their larval salivary gland cells during the third instar (Perkows-
ka, 1963; Berendes, 1965; Vidal et al., 1971). These mucopolysaccharides are 
secreted from the cells into the gland lumen shortly before puparium forma-
tion and serve as a glue for fixation of the puparium to a substrate (Lesher, 
1952; Fraenkel and Brooks, 1953). The secretory event at the cellular level is 
preceded by obvious changes in the puffing pattern of the polytene chromo-
somes (Poels, 1970). Since the appearance of a new puff in these chromo-
somes is generally considered to reflect the onset of the activity of a particu-
lar gene, changes in the puffing pattern can be interpreted as the expression of 
changes in gene activity (Beermann, 1952; Berendes, 1968). 
The changes in the puffing pattern observed before and during the secre-
tory event occur in response to the moulting hormone ecdysone (Poels, 1970; 
Berendes, 1967). So far, it could not be excluded that the changes in genome 
activity as well as the secretory event are independent phenomena which are 
both initiated by the same stimulus, the steroid ecdysone. This possibility 
must be considered in spite of the fact that it was ascertained that a particular 
group of genome loci displays a change in activity some hours before the 
secretory event becomes evident as a consequence of hormone application in 
vivo or in vitro (Poels, 1970;Poels et al., 1971). 
The question whether or not the changes in chromosomal activity in-
duced by the steroid hormone have some bearing on the processes involved in 
the secretory event is the subject of the present report. This question was 
approached by using in vitro cultures of mid third instar salivary glands of 
Drosophila hydei. In supplying the culture medium with antibiotics which 
inhibit either RNA synthesis or protein synthesis, the effect of hormone at 
the nuclear and cytoplasmic level of salivary gland cells could be investigated 
separately. 
MATERIALS AND METHODS 
A laboratory stock of Drosophila hydei was used. The larvae were raised 
under standardized conditions as described previously (Berendes, 1965). All 
20 
experiments were performed with salivary glands dissected from mid third 
instar larvae (144 hrs after oviposition). 
a. Culture conditions 
Salivary glands were dissected from extensively washed larvae and placed 
in a drop of culture medium. Before transferring the glands to the incubation 
medium, the storage culture medium (0.1 ml) was changed three times to 
remove adhering hemolymph from the glands. The glands were transferred 
from the storage vial to a depression slide containing 1 μΐ culture medium for 
each gland. The glands were transferred by forceps placed on the ducts in 
order to avoid damage of the gland cells. All glassware and the forceps were 
carefully cleaned with absolute ethanol before use. Incubation of the glands 
over periods up to 4 days was performed on the depression slide sealed with a 
cover glass and kept in a moist chamber placed in an incubator at 260C (± 
0.5°). 
During incubations for longer than 12 hours the medium was changed 
once in every 12 hours. The medium used for the maintenance of the glands is 
a modification of the medium described by Shields and Sang (1970) (Table 
1.). The amino acid composition of the medium resembles that of the hemo­
lymph of third instar larvae ofDrosophila melanogaster (Chen and Hanimann, 
1965). 
b. RNA and protein synthesis 
In vivo labeling of RNA was achieved by injection of 0.5 μ.\ of a solution 
containing 1 mCi/ml 3H-uridine-5-T (spec. act. 29 Ci/m mol, Radio Chemical 
Center, Amersham) per larva. Salivary glands of 30 larvae were dissected at 30 
min after injection of the isotope in each of the experiments to be described. 
In vitro labeling of RNA was performed by administration of 60 ßC\ of 
3
 Η-uridine to 60 μΐ of culture medium and incubation of 60 salivary glands 
during 30 min. Following the incubation with 3H-uridine in vitro or in vivo, 
the glands were washed several times with ice cold Ringer's solution contain­
ing 116 mg non-radioactive uridine per ml. Subsequently, the glands were 
transferred to a cooled all-glass homogenizer and homogenized in 7.5 ml of 
0.01 M Tris-HCl. (pH 7.2 at 0oC) containing 0,01 M saccharose and 0.4$ 
sodium dodecylsulphate. To this mixture 0.5 g of powdered frozen flies and 
7.5 ml of redistilled watersaturated phenol, containing O.l^hydroxy-quino-
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TABLE 1 
Composition of the modified Shields and Sang medium (in mg/100 ml) 
MgS04.7 H 2 0 
CaCl2.2 H 2 0 
KCl 
NaCl 
NaH 2 P0 4 .2 H 2 0 
KHCOj 
monosodium malate 2 H 2 0 
monosodium O-ketoglutaxate 
disodium fumaiate 
disodmm succinate 6 H 2 0 
monosodium pyruvate 
monosodium L-glutamate 
baspartic acid 
L-threonine 
L·serшe 
L-asparagine 
L-glutamine 
L-prohne 
L-glycme 
L-Otalanme 
bvaline 
L-methionine 
glucose 
trehalose 
513 
116 
313 
86 
88 
18 
95 
42 
8 
14 
2 
76 
9 
15 
17,5 
15 
30 
40 
17,5 
75 
9 
15 
30 
80 
L-isoleucme 
L-leucine 
L-ty rosine 
L-phenylalme 
L-ß-alamne 
L-hiNtidine 
L-trytophan 
L-argmine 
L-lysme 
L-cystine 
L-cy steine 
TC yeastolate 
5 
9 
3 
3 
12 
19 
10 
21 
7 
1 
6 
200 
Double distilled water at 85 ml 10 ml foetal bovine serum (Flow laboratoria) was added 
and the pH brought to 6,9 with 1 N NaOH The volume was made 100 ml with A bidest 
and abquote were frozen on dry-ice-acetone and stored at -20oC 
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line, were added The resulting mixture was shaken for 30 mm in the cold and 
centnfuged The phenol phase was extracted again The two waterphases were 
combined and extracted three times with equal volumes of phenol The re­
sulting aquaous phase was made up to 0 1 M NaCl Precipitation of the 
nucleic acids was obtained by storing the solution overnight after addition of 
2 volumes of ethanol at -20oC. After centnfugation, the precipitate was wash­
ed with ethanol-aether ( 1 1) and aether After drying, the pellet was dissolved 
in 0 2 ml of 0 01 M Na-acetate (pH 5 1) containing 0 2% polyvmylsulphate 
and dialysed in the cold against the acetate buffer 
The resulting RNA solution (0 2 ml) was layered on top of a continuous 
(5-25%) sucrose gradient prepared with sucrose which was pretreated with 
diethylpyrocarbonate according to Solymosy et al (1968) The sucrose was 
dissolved in 0 01 M Na-acetate buffer (pH 5 1) The gradients were run at 
25 000 rpm in a Spinco SW 27 2 rotor overnight Fractions of 0 8 ml were 
collected and to each fraction 0 2 mg of cold RNA (carrier) was added before 
precipitation of the RNA with 10% TCA The precipitate was collected on 
millipore filters, washed extensively with 5%TCA and after drying at 80oC, 
radioactivity was measured in PPO, dimethyl-POPOP-toluene scintillator fluid 
with a Philips liquid scintillation analyzer Countmg efficiency was 50%. 
In order to establish the effect of the antibiotics, actinomycin D and 
cycloheximide on RNA and protein synthesis respectively, the following 
experiments were performed Radioactivity incorporated in RNA of salivary 
glands was measured either at 30 mm after injection of 0,5 μΐ of a solution 
containmg 1 mCi/m mol 3H-undine (spec act 24 Ci/m mol) in each of 5 
larvae (final dilution 0 5 μΟ/1 2 μΙ hemolymph), or after 30 mm of in vitro 
incubation of 10 salivary glands in 10 μΐ culture medium containing 5 μ€ι 
'H-undine The effect of actinomycin D (gift from Merck, Sharp and Dohme) 
injected simultaneously with the 3H-uridine, or supplied to the medium be­
fore onset ol the incubation, was measured in a parallel series of experiments. 
Various concentrations of the antibiotic were used AU incubations were 
carried out in the dark 
Similar experiments were performed to establish the effect of various 
concentrations of cycloheximide (Calbiochem ) on the incorporation of triti-
ated amino acids into protein The radioactivity incorporated under in vivo 
conditions in the presence and absence of cycloheximide was compared at 30 
mm after injecting 0.5 μΐ/ larva of a 3H-amino acid mixture (0 5 mCi/ml, New 
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England Nuclear Corp.)· l n e a ch experiment the radioactivity incorporated by 
the glands of 5 larvae in the absence of cycloheximide was compared with 
that incorporated by the glands of 5 larvae injected with various concen­
trations of the antibiotic. Radioactivity measurements were also performed 
on TCA insoluble material derived from 10 glands which were incubated in 
vitro for 20 min in 10 μΐ of culture medium deprived of cold amino acids and 
supplied with 2.5 дСі of the 3H-amino acid mixture. The radioactivity incor­
porated was compared with that of the TCA insoluble material from the same 
number of glands which were incubated under the same conditions in the 
presence of various concentrations of cycloheximide in the culture medium. 
After labeling, the salivary glands were washed with ice cold Ringer's 
solution containing either unlabeled uridine or a mixture of unlabeled amino 
acids and subsequently transferred into 3 ml of 10% TCA in which they were 
homogenized by sonication (Branson sonifier, 10 sec, step 1). The homoge-
nate was centrifuged for 10 min at 5000 rpm, the pellet was washed three 
times with 5% TCA and once with ethanol-aether (1:1 v/v), dried and dis­
solved in 0.5 ml IN NaOH. 0.2 ml of this solution was added to 4 ml 
2-(2-ethoxy-ethoxy) ethanol and 6 ml of toluene containing 4 g PPO and 0.3 
g POPOP per liter (see: Weinberg and Penman, 1968) and radioactivity mea­
sured with the Philips scintillation analyzer. Counting efficiency was \5%. The 
remaining 0.3 ml of solution was used to measure the protein content by the 
method of Lowry et al. (1952). 
Electron microscopy was performed as described earlier (Poels et al., 
1971). 
RESULTS 
a. In vitro maintenance of larval salivary glands 
In order to ascertain that explanted salivary glands retain their structural 
integrity and functional capacities upon long term in vitro incubation a num­
ber of features were studied following a 12 hr incubation period and were 
compared with the in vivo situation. 
1. Morphology. The submicroscopic morphology of the cells was studied at 
various time intervals after the onset of incubation. The cytoplasmic organiza­
tion of the cells after 12 hrs of incubation was found to be identical with that 
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of freshly dissected and immediately fixed salivary glands (fig. 1). The general 
morphology of the polytene chromosomes did not change except for the 
appearance of some new puffs (e.g. 95D and 97A) which are regularly ob-
served when the glands are incubated in artificial media (see also Clever, 
1965). Even incubation over a period of four days did not alter the morpholo-
gy of the polytene chromosomes. 
2. Responsiveness to experimental gene activitation. Addition of the steroid 
hormone ecdysone to the incubation medium (0.1 mg/ml) at 12 hrs after 
onset of incubation of mid third instar glands consequently initiated changes 
in the chromosomal puffing pattern. These changes were essentially the same 
Fig. 1. Micrograph of the basal cytoplasm of a mid third instar salivary gland cell. 
The salivary gland was incubated in culture medium for 12 hrs. The structure 
and distribution of the secretion granules, the rough endoplasmatic reticulum 
and the mitochondria are the same as in control glands. S.G. secretion 
granule; B.M. basal membrane. 
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as observed after injection of the steroid into mid third instar larvae (Beren-
des, 1967) The first series of changes was apparent at 20 mm after addition 
of the steroid The second series did appear with some delay as compared 
with their appearance under in vivo conditions Instead of appearing 4-5 hrs 
after injection of the hormone, they did not appear before 6-7 hrs after 
addition of the steroid to the incubation medium A similar delay m the 
appearance of the second series of changes also occurs if the hormone is 
applied after short periods of preincubation of the glands (1-2 hr) It should 
be pointed out that the regression of the first series of puffs and the appear-
ance if the second series as it occurs in normal development, does occur under 
in vitro conditions only if the medium is replaced by medium without the 
steroid one hour after addition of ecdysone If ecdysone remains present over 
the whole incubation period, the first series of puffs remains present up to 
13-14 hours, although their diameters decrease slowly The second series of 
puffs does not appear or becomes apparent as very small puffs at the end of 
the 13 hour period 
3. Initiation of secretory activity by ecdysone Secretion of the mucopoly-
saccharides from the salivary gland cells was determined light microscopically 
as described earher (Poels, 1970) and was also checked electronmicroscopical-
ly. Secretory activity was initiated when ecdysone was supplied to the culture 
medium after 12 hrs of preincubation of the glands Electron microscopical 
observations on the changes at the cytoplasmic level normally involved in the 
secretory event, revealed that these were evident at 4 hours after addition of 
ecdysone to the culture medium These observations, which revealed the 
occurrence of the complete pattern of changes in cytoplasmic organization 
(see Poels et al, 1971), were made on cells of salivary glands supplied with 
ecdysone at 8 hrs following the onset of in vitro incubation (fig 2) 
4 RNA synthesis Analysis of the distribution of radioactivity in sucrose 
gradients containing RNA synthesized during a 30 mm pulse of 3H undine 
immediately after transfer of salivary glands to the culture medium revealed 
three peaks of high molecular weight (> 36S) RNA, two peaks of 30S and 
28S RNA respectively, one peak at 18S and one at 4S This pattern of 
radioactivity distribution (fig 3b) resembled that found after a 30 mm pulse 
after 12 hrs of incubation of the glands (fig 3d) and that obtained if the RNA 
was extracted from glands at 30 mm after injection of 3H uridine into mid 
third instar larvae (fig 3a) In order to determine whether or not the newly 
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Fig. 2. Secretion granula (SG) at the apical membrane. The contents are released into 
the gland lumen. 
The salivary gland was incubated in culture medium for 8 hrs after which 
ecdysteron (0.1 mg/ml) was supplied. The section was made 4 hrs after 
administration of the hormone. 
L, lumen, MV, microvilli. 
synthesized RNA is processed under in vitro conditions, 30 min pulses of 
3H-uridine, either shortly after the onset of incubation or after 12 hrs of 
incubation, were followed by a 3 hr chase before the distribution of radio-
activity associated with RNA was analyzed on a sucrose gradient. The chase 
period began with the transfer of the glands to fresh medium supplied with an 
excess of non-radioactive uridine and cytidine. From figs. 3c and e, it can be 
concluded that the high molecular weight RNA fractions become reduced 
during the chase period and that the fractions sedimenting at 28S, 18S and 4S 
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Fig. 3. Sedimentation patterns of labeled RNA from mid third instar salivary glands 
in a linear sucrose gradient. 
a. RNA extracted from 60 salivary glands 30 minutes after the injec­
tion of H-uridine into each of the larvae. 
b. RNA extracted from 60 salivary glands labeled with 3H-uridine for 
30 minutes in culture medium immediately after dissection of the 
glands from the larvae. 
d. RNA extracted from 60 salivary glands labeled with 3Η-uridine for 
30 minutes in culture medium following 12 hrs preincubation in 
medium. 
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H g 3 с. as b, after the 10 minutes Η u n d i n e pulse the glands were exten­
sively washed and then incubated for 3 hrs in culture m e d i u m 
containing 1 I 6 Mg each of u n d i n e and cy ttdme/m) 
e as c f after the 3 0 minutes Η u n d i n e pulse the glands were exten­
sively washed and then incubated for 3 hrs in culture m e d i u m 
containing I 1 6 Mg each of u n d i n e and LV t idine/ml 
became increased It, therefore, seems that the high molecular weight frac­
tions, among which the 38S nbosomal precursor may be present, become 
degraded or arc processed under in vitro conditions It may be recalled that m 
a previous study of m vitro RNA synthesis in Drosophila salivary glands no 
indication for processing of newly synthesized RNA was found (Greenberg, 
1%7) 
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The present results demonstrate that the morphological features of sali-
vary gland cells, including the structural integrity of the polytene chromo-
somes are retained during long term incubation in the medium described The 
same conclusion seems valid with respect to the physiological features stud-
ied. Not only does the genome respond with the characteristic changes in 
activity upon the administration of ecdysone, but also the secretory process is 
initiated and completed Furthermore, the pattern of RNA species synthe-
sized during the in vitro conditions applied appears to be essentially the same 
as that produced in vivo These findings indicate that the appropriate func-
tional capacities of salivary gland cells investigated remain unaltered when the 
glands are explanted in the medium described 
b Inhibition of RNA and protein synthesis in vivo and in vitro 
1 In vivo and in vitro inhibition of RNA synthesis The quantity of 
radioactivity in TCA-insoluble material resulting from homogenized salivary 
glands increased linearly over a period of at least one hour following the 
injection of •'H-undine into the larvae The incorporation of 3H-uridine was 
also measured after injection of actinomycin D (25 ng/larvae) either one hour 
before injection ol 1H-uridme or simultaneous with the 3H-uridine Control 
experiments were performed by injection of Ringer's solution. In both groups 
of experiments, the salivary glands were dissected 30 mm after injection of 
the isotope, homogenized and the TCA extracts analy¿ed for radioactivity It 
was found that salivary glands from actinomycin D treated animals had in-
corporated only about \0%of the radioactivity as compared with glands from 
control animals If a 30 mm pulse of 3H-uridine was applied at 12 hours after 
injection of actinomycin D (25 ng/larvae) incorporation occured still at about 
10% of the controls The same experiments were performed with 5 different 
concentrations of the antibiotic varying from 0.5-25 ng/larva (fig. 4a). 3H-uri-
dine incorporation was also analyzed autoradiographically Mid third instar 
larvae were injected with 1 μg/laгvae ecdysone, followed 1 hour later by 
injection of 25 ng actinomycin D per larva and again one hour later by 0 5 
дО/Іаг а 3H-uridine Autoradiographs of the salivary gland chromosomes 
(glands were dissected 30 mm after injection of 3H-uridine, exposure time 7 
days) displayed no label over the ecdysone specific puffs, nor over the nucleo­
lus. The same experiment carried out with 10 ng actinomycin D per larva, 
revealed a weak labeling over the ecdysone puffs and the nucleoli 
30 
20 30 
ng actinomycin O/LARVA 
Fig. 4. Effect of different concentrations of either actinomycin D ала cydoheximide 
on RNA- and protein synthesis of mid third instar salivary glands respectively. 
a. S larvae were injected with 0.5 μΐ Ringer's containing actinomycin 
D in the concentrations indicated. One hour later Η-uridine was 
injected. Radioactivity was measured in TCA-insoluble material af­
ter 30 minutes exposure to the isotope. 
These experiments indicate that under in vivo conditions de novo RNA 
synthesis is not completely inhibited by actinomycin D (see also: Clever et al., 
1969). Under in vitro conditions RNA synthesis is inhibited to less than l%as 
compared with control glands after one hr preincubation with S μ% actinomy­
cin D per ml (Table 2 and fig. 4b). A similar inhibition can be achieved by 
administration of 1 ßg actinomycin D per ml. If lower concentrations of the 
antibiotic are used less complete inhibition occurs (fig. 4b). RNA synthesis is 
inhibited instantaneously if the antibiotic and isotope are administered to-
gether to the culture medium. 
TABLE 2 
In vitro inhibition of RNA and protein synthesis by actinomycin D and cycloheximide* 
Expt controls 5 μ§ actinomycm D/ml Expt controls 0.01 mg cyclohexunide/ml 
no DPM/Mg protein DPM/Mg protein no DPM/iig protein DPM/Mg protein 
1 
2 
3 
2517 
2077 
2111 
37 
14 
11 
4 
5 
6 
43 
110 
55 
0.5 
less than 0.1 
less than 0.1 
representation of a typical series of experiments 
Groups of 10 salivary glands were incubated in medium either with actinomycin D or 
cycloheximide for one hour prior to labeling. RNA was labeled during 30 minutes with 
H-uridme, protein was labeled during 20 minutes with an H-amino-acid mixture. 
Controls were preincubated in medium and labeled in the absence of the antibiotics. 
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1.0 2Q U ¿0 6.0 
jig actinomycin D/ml 
Tig 4 b 10 salivary glands were incubated in 10 μΙ medium containing 
different concentrations of actinomycin D After one hour the 
medium was replaced by 10 μΐ medium containing the sjme con­
centration actinomycin D and H-undme 
Radioactivity was measured in TCA insoluble material after 30 
minutes exposure to the isotope 
Autoradiographic analysis of the undine incorporation into chromosomes af­
ter simultaneous administration of actinomycin D (1μ§ or 5д§/т1) and 3 H 
undine revealed a complete absence of labeling of the chromosomes and 
nucleolus A concentration of 0 2 μg actinomycin D per ml did not result in 
complete inhibition of RNA synthesis The incorporation varied from nucleus 
to nucleus but in all labeled nuclei the labeling of the nucleolus was more 
pronounced than that of the chromosomes The inhibition of RNA synthesis 
by addition ot 5 pg actinomycin D per ml to the culture medium and sub­
sequent incubation of the salivary glands for 1 hour, lasted up to 4 hours even 
if the medium was replaced by medium without antibiotic every hour 
33 
2 In vivo and in vitro inhibition of protein synthesis 
The incorporation of tntiated ammo acids into TCA insoluble material 
obtained from salivary glands is almost linear during 30 mm following injec­
tion of a mixture of tntiated amino acids After injection of 2 Mg/larva cyclo-
heximide one hour before or simultaneous with the tntiated ammo acids 
mixture and subsequent incubation during 30 mm, the amount of radio­
activity incorporated into TCA insoluble material was almost zero as com­
pared with controls injected with Ringer's solution By repeating this type of 
experiment with various cyclohexmude concentration varying from 0 02 to 5 
μφατνΆ it was established that a complete inhibition of incorporation of 
tntiated amino acids occurs only with concentrations of 2 Mg/larva and higher 
(fig 4c) After injection of 5 щ cycloheximide per larva, the incorporation of 
05 1 2 3 U 5 
дд cycloheximide/LARVA 
Fig 4 Five larvae were injected with 0 5 μΐ Ringer's containing cyclo­
hexmude in the concentrations indicated, one hour later a 3H-
amino acid mixture was injected Radioactivity was measured m 
TCA insoluble material after 30 minutes exposure to the isotope 
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tntiated amino acids into TCA-insoluble material remains inhibited over a 
period of about 8 hours. After this period, a weak incorporation occurs. 
Complete inhibition of amino acid incorporation into TCA insoluble 
material occurs almost instantaneously if salivary glands are transferred to 
medium containing 0 01 mg/ml or higher concentrations of the antibiotic and 
a mixture of 3H-aimno acids (Table 2 and fig 4d). 
In the medium without cycloheximide the radioactivity increased linearly 
during 20 mm of incubation with tntiated amino acids The incorporation of 
1.0 4 8 12 16 20 
pg cyloheximide/ml 
F * 4. d Ten salivary glands were incubated in medium deprived of cold 
amino acids containing different concentrations of cycloheximide 
After one hour this medium was replaced by 10 μΙ medium de­
prived of cold ammo acids containing cycloheximide and a mixture 
of H-amino acids Radioactivity was measured in TCA insoluble 
material after 20 minutes exposure to the isotope 
Control experiments were performed either by injection of Ringer's or incu­
bation m medium without antibiotics for the periods indicated 
Abscissa different concentrations of the antibiotics 
Ordinate DPM/iig salivary gland protein as percentage of control 
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t rit ia ted amino acids into TC A-msoluble material is inhibited for at least 8 
hours, if cycloheximide (0.01 mg/ml) is supplied to the medium 
The incorporation of 3H-uridine is identical in salivary glands incubated 
with or without cycloheximide at least over a period of 4 hours (Table 3) 
From the experiments designed to test the effects of actinomycin D and 
cycloheximide on RNA and protein synthesis in salivary gland cells it may be 
concluded that the antibiotics are extremely effective if supplied to glands 
under in vitro conditions Therefore, these antibiotics may be used at concen­
trations which were found to inhibit incorporation of radioactive precursor 
molecules completely, to determine whether or not an intact RNA synthe­
sizing and/or protein synthesizing system is required for a complete pattern of 
response of the salivary gland cells to hormone molecules Since, under the in 
vitro conditions used, the administration of hormone initiates changes in the 
puffing pattern within one hour but secretory activity not before 4 to 5 hours 
after the administration of the steroid, the relationship between these two 
events could be investigated 
TABLE 3 
In vitro incorporation of H-undine in sabvaiy glands incubated for various periods in 
medium without and with cycloheximide 
hrs preincubation ΟΡΜ/μ§ protein hrs preincubation DPM/iJg protein 
in medium without in medium with 
t-ycloheximide Lycloheximide 
0 145 0 161 
1 138 1 141 
2 151 2 169 
3 155 3 147 
4 147 4 152 
Groups of 10 gland-, were preincubatcd m medium containing 0 01 mg cyclo-
tieximide/ml for the times indicated. After preincubation the glands were incubated in 
10 μΙ medium containing 0 01 mg cycloheximide/ml and 5 μΟ H-undme for 30 min­
utes 
Control expenments were performed without the addition ol cycloheximide to the 
premcubation and mcubation medium 
Incorporation was stopped by a transfer of the glands to 10% TCA 
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С. The telationship between changes in the puffing pattern and the 
occurence of secretory activity 
In each of the experiments to be described, two parallel series were 
made; one with the other without the antibiotic. Furthermore, attention will 
be paid only to the first series of puffs, because, in the experiments described 
above (under a 2), it was found that ecdysone, if present continueously, 
initiates the first series of changes in the puffing pattern as well as the secre­
tory event, but fails to the initiate the second series of changes in the puffing 
pattern. Thus, if there should be a relationship between changes in the pattern 
of active genes and the secretory event, it could only involve the first series of 
changes. 
In a first attempt to determine whether or not the secretory event could 
be initiated independently of the RNA and protein synthesizing systems of 
the cell, ecdysterone (0,1 mg/ml) was administered to the medium one hour 
after the onset of incubation of the glands with either 5 ßg actinomycin D per 
ml, or 0.01 mg cycloheximide per ml. None of the glands displayed any sign 
of secretory activity when studied at 4,8 or 12 hours after the administration 
of the steroid. Hence the occurrence of RNA synthesis in cells in which the 
protein synthesis is inhibited completely, does not suffice for the initiation of 
the secretory event. The same conclusion may be drawn for cells in which 
protein synthesis can occur, but in which the production of new RNA molec-
ules is inhibited. It may be pointed out that the ecdysone specific changes in 
the chromosomal puffing pattern, at least the appearance of new puffs, occurs 
in all instances. In the presence of cycloheximide the puffs attain their normal 
size and are active in RNA synthesis (Fig. 5). If actinomycin D is present in 
the medium, the puffs do appear, but never attain more than 1/3 of their 
maximum diameter and do not show incorporation of 3 H-uridine (see also: 
Berendes, 1968). 
Administration of j3-ecdysone followed by the administration of either 
actinomycin D or cycloheximide after 1,2,3 and 4 hours, respectively, estab-
lished that a minimum of three hours between the contact of the cell with 
hormone and inhibition of either RNA or protein synthesis is required for a 
normal sequence of processes at the cellular level. Although the secretory 
process cannot be observed at three hours after administration of the hor-
mones, it has evidently been initiated by that time because secretion becomes 
apparent two hours after the onset of inhibition of either RNA or protein 
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Fig. 5. Autoradiograph of mid third instar salivary gland chromosomes after labeling 
with H-uridine. 
a. The salivary glands were incubated for one hour in medium ( 1 
gland/1 μΐ medium) containing the steroid and 0.01 Mg cyclo-
heximide/ml for 3 hours. Thereafter the glands were incubated in 
medium with ecdystcron and cycloheximide in the concentration 
indicated and H-uridinc for 5 minutes. 
b. The same as 5 a, but after incubation with H-uridine for 30 min­
utes. 
N, nucleolus. Puff 78B is one of the puffs activated by the steroid. 
synthesis if these substances had been applied three hours after the adminis­
tration of the steroid. The secretory event does not occur if the interval 
between administration of the hormone and either of the antibiotics is two 
hours or less. 
DISCUSSION 
From the data presented, it is indicated that for the initiation of muco­
polysaccharide secretion from salivary gland cells, an intact RNA synthesizing 
as well as an intact protein synthesizing system is required. Although it can­
not be excluded that the inhibitors exert some effect other than considered in 
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this study, the present results strongly suggest that the specific response of 
larval salivary gland cells to the steroid moulting hormone, i.e. the secretion 
of a stored product, involves as one of the primary processes, specific changes 
in genome activity. Consequently, it seems that the hormone does not initiate 
the secretory activity by a direct action at the cytoplasmic level. The ex-
periments furthermore suggest that the newly induced puffs synthesize RNA 
species which might have a messenger function. 
Although it cannot be ascertained that all puffs appearing as conse-
quence of the administration of the hormone synthesize messenger-type 
RNA, some should, because the secretory event can be completely inhibited 
by cycloheximide even if RNA synthesis and processing was allowed to occur 
for at least two hours. During the two hours following the administration of 
the hormone, the newly activated puffs have attained their maximum size, 
RNA synthesis has started, the formation of RNP particles has occurred and 
newly synthesized RNA should already be released from the puffs (Berendes, 
1969;Daneholtetal., 1969). 
If only new RNA species would be required for the initiation of the secretory 
event, cycloheximide would have no effect if it were supplied 2 hours after 
the hormone had initiated RNA synthesis. On the other hand, it remains to be 
investigated whether or not as a consequence of the steroid, RNA species are 
synthesized which have a significant function in the sequence of events lead-
ing to the secretion of the mucopolysaccharides, but which are not translated. 
The present study clearly demonstrates the advantages of the in vitro 
maintenance of salivary glands. In the medium applied, the gland cells remain 
functional over a period of at least 12 hrs. This may be concluded from the 
fact that even after this period of incubation the cells are able to respond to 
an extracellular stimulus, the steroid 0-ecdysone, with a normal sequence of 
processes leading to the secretion of a stored product. Glands kept in the 
medium for 3 days, revealed that the pattern of uridine incorporation into the 
chromosomes was essentially the same as during the first 12 hours (Alonso, 
pers. comm.). 
Moreover, the results of sucrose gradient centrifugation of pulse labeled RNA 
after different periods of incubation not only suggest that the pattern of RNA 
species is alike in all instances but also that during a subsequent chase the high 
molecular weight RNA (> 36S) is processed. It may be suggested that this 
processing involves, among others, the 38S precursor of the ribosomal RNA 
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species. If this interpretation of the data were correct, it would indicate that 
the medium developed from the one described by Shields and Sang ( 1970) 
provides a much better basis for in vitro studies on the function of salivary 
gland cells than the medium developed by Schneider (1964). As was indicated 
by Greenberg (1967) processing of the 38S ribosomal RNA precursor does 
not occur during incubation of salivary glands in the latter medium. 
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SAMENVATTING 
Het eerste deel van dit proefschrift handelt over de tijdsrelatie tussen 
verschillende door ecdysteron geïnduceerde verschijnselen op kern en cyto-
plasmatisch niveau en hun relatie tot de pupanum vorming Gekonstateerd 
werd dat de puffdiameter, alsmede de periode van aktiviteit van puff 78B, als 
vertegenwoordiger van een groep snel reagerende puffs, afhankelijk is van de 
konsentratie van het toegediende hormoon Voor de tweede serie puffs (deze 
treden eerst 4-5 uur na hormoon toediening op) met als vertegenwoordiger 
puff 77BC, werd aangetoond dat niet alleen de diameter en de periode van 
aktiviteit, maar ook het moment waarop de puff verschijnt, afhankelijk is van 
de konsentratie van het hormoon en de leeftijd van de larven waarop het 
hormoon wordt toegediend Het blijkt dat jonge larven van het derde stadium 
minder gevoelig zijn voor het hormoon dan oude Wat voor de tweede serie 
puffs geldt, werd eveneens aangetoond voor de secretie van mucopolysaccha-
nden en de pigmentatie van de cutícula Voor larven halverwege het laatste 
larvenstadium geldt dat, na toediening van ecdysteron, de eerste serie puffs 
binnen 30 minuten duidelijk aanwezig is Ongeveer 4-5 uur later treedt de 
tweede serie puffs op, terwijl secretie van de mucopolysacchanden kort voor 
of gelijktijdig met het verschijnen van de tweede serie puffs plaatsvindt Onge-
veer 2 tot 3 uur na het opkomen van de tweede serie puffs vertoont de 
cutícula pigmentatie 
Het tweede deel van deze studie beschrijft de veranderingen in de ultra-
struktuur van de speekselklieren na behandeling met ecdysteron Speciale 
aandacht werd besteed aan het door ecdysteron geïnduceerde secretieproces 
van de mucopolysacchanden De secretie wordt voorafgegaan door een ver-
schuiving van de granula in de richting van de celapex Ofschoon de microvilli 
betrokken zijn bij het secretieproces en zij in aantal en lengte toenemen, 
vloeit de inhoud van de granula met via deze microvilli in het lumen, maar via 
openingen in de wand van de celapex tussen de microvilli Gelijktijdig met het 
optreden van het secretieproces vindt een reorganisatie van het ruw endoplas-
matisch reticulum plaats Het willekeurig over het cytoplasma verspreide la-
mellensysteem gaat over in spiraalvormige strukturen en blaasjes Ook de 
karakteristieke electronen dichte lichaampjes van het Golgi systeem verdwij-
nen Deze waarnemingen en het feit dat ecdysteron, mits toegediend vóórdat 
de granula aanwezig zijn in de cel, de vorming van de mucopolysaccharide 
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granula blokkeert, suggereert dat ecdysteron de synthese van de mucopoly-
sacchanden remt 
Het laatste deel van dit proefschrift beschrijft een synthetisch medium 
voor het in vitro cultiveren van geïsoleerde speekselklieren Op grond van 
verschillende criteria, beschreven in dit proefschrift, mag men aannemen dat 
de speekselklieren na tenminste 12 uur in vitro cultuur zowel struktureel als 
funktioneel volledig intakt zijn Met behulp van dit medium is het mogelijk, 
door gebruik te maken van antibiotica, vast te stellen of er een causaal ver-
band bestaat tussen de door ecdysteron geïnduceerde puffs en de secretie van 
de mucopolysacchanden Uit de in vitro experimenten, waarbij de RNA- en 
eiwitsynthese volledig geremd wordt door respectievelijk actinomycine D en 
cycloheximide, kan men konkluderen dat voor de secretie zowel RNA- als 
eiwitsynthese noodzakelijk is Wanneer men de antibiotica minder dan 3 uur 
na ecdysteron behandeling toedient, blijkt eveneens dat geen secretie van de 
mucopolysacchanden optreedt. Indien de tijd tussen toediening van ecdyste-
ron en de antibiotica langer is dan 3 uur, treedt wel secretie op en wel 2 a 3 
uur na toediening van de remstoffen 
Hieruit mag men konkluderen dal de induktie van de secretie gedurende 
de eerste 3 uur na ecdysteron-toediening heeft plaatsgevonden Gedurende 
deze periode is alleen de eerste serie ecdyson specifieke puffs aanwezig De 
resultaten suggereren dan ook dat de RNA gesynthetiseerd door een of meer 
van de eerste, door ecdysteron geïnduceerde serie puffs, de basis vormt voor 
de produktie van een eiwit (of eiwitten) die voor de initiatie en gecoördineer-
de afloop van het secretieproces verantwoordelijk zijn 
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